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ABSTRACT 

Abstract: The GnRH analogue (agonist and antagonist GnRH) changed ovarian stimulation. On the one hand, it improved chances of 
pregnancy to obtain more oocytes and better embryos. This leads to an ovarian hyper-response, which can be complicated by the ovarian 
hyperstimulation syndrome (OHSS). On the other hand, the GnRH analogue can prevent the incidence of OHSS: GnRH antagonist protocols, 
GnRH agonist for triggering final oocyte maturation, either together or separately, coasting, and the GnRH analogue may prove useful for 
avoiding OHSS in high-risk patients. We review these topics in this article. 
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1. Context 

Ovarian hyperstimulation syndrome (OHSS) is an iatro- 
genic complication of controlled ovarian hyperstimula- 
tion (COH) and ovulation induction. 

The incidence of OHSS reported in the literature varies 
depending on the data collection method used, the study 
population and the interpretation of the classifications 
used (1, 2). Up to 33% of IVF cycles have been reported to be 
associated with mild forms of OHSS, while this percent- 
age is about 2-6% for the severe form (3, 4). 

This syndrome was first described in 1943 when early 
forms of gonadotropins were used to stimulate or induce 
ovulation, and conversely to what we may think, several 
reports indicate an increased incidence in severe forms 
and in the proportion of hospitalised patients (5). The 
incidence of venous thromboembolism in relation to IVF 
has been reported to be approximately 0.1-0.2% of treat- 
ment cycles (6). According to the data corresponding to 
relatively few cases, the risk of venous thromboembolism 
associated with OHSS is reported to be between 0.8% and 
2.4% (7). Pregnancies with fresh IVF cycles complicated by 
OHSS were at a 100-fold increased risk of venous throm- 
boembolism in the first trimester if compared with the 
background population (8). In addition to this, recent 
published data support a statistically significant increase 
in pregnancy-related complications among IVF pregnan- 
cies in women with OHSS compared to IVF controls (5, 9, 
10). 

The literature describes two main clinical forms of 
OHSS; an early form relating to the ovarian response to 
stimulation, which happens to be a sharp effect of exoge- 
nous hCG administration. It takes place during the first 9 
days after oocyte retrieval (11, 12). The late form correlates 
poorly with the ovarian response: it correlates better with 
endogenous hCG produced by implanting an embryo or 
with hCG administration for luteal phase support. It oc- 
curs after the initial 10-day period and its management is 
clinically more difficult (12, 13). 

Although the pathophysiology of this syndrome re- 
mains unknown, it is assumed that the vasoactive sub- 
stances secreted by ovaries under hCG stimulation may 
play a key role in increasing the capillary permeability 
observed in OHSS. 

The purpose of this paper is to review the most recent 
evidence in GnRH analogues paper in the prevention of 
ovarian hyperstimulation syndrome. A literature search 
was conducted by searching Pubmed for articles pub- 
lished in the last 5 years using the terms "ovarian hyper- 
stimulation syndrome", "OHSS", "GnRH agonist", "GnRH 
antagonist", "GnRH agonist triggering", "ovarian hyper- 
stimulation syndrome prevention" and "ovarian hyper- 
stimulation syndrome treatment". For this paper were 
included randomized controlled trial, reptrospective 
studies, case studies, meta-analyses, and reviews. 



2. Phisiopathology 

To date, around 25 factors have been described as be- 
ing involved in the regulation of cellular permeability 
(14, 15). Angiogenic cytokines including vascular endo- 
thelial growth factor (VEGF), interleukin (IL)-6, IL-8, basic 
fibroblast growth factor (bFGF), tumor necrotic factor-a 
(TNF-a), IL-ip, etc produced by multiple corpora luteae 
may be involved in OHSS (16, 17). 

Of these, (VEGF) is one of the most important factor, 
while the effects of the others angiogenic factors on OHSS 
are vague (18). 

VEGF (also referred to as VEGF-A) belongs to a gene fam- 
ily that includes the placenta growth factor (PlGF)(19-21)- 
VEGF-B (22), VEGF-C (23) and VEGF-D (24). 

After hCG administration, VEGF up-regulates during 
ovarian stimulation and has a strong permeability effect 
on endothelial cells. For this reason, VEGF is considered 
a possible candidate in relation to the increased perme- 
ability observed in OHSS with loss of fluid to the third 
space (25). 

The potential role of the VEGF/VEGF-receptor (VEGF-R1 
and R2) system in the appearance of OHSS is based on 
certain evidence: a) it has been demonstrated that VEGF 
increases the vascular permeability of endothelial cells, 
which could lead to a shift in fluids from the blood ves- 
sels to the third space (26-28); b) vascular permeability 
increased after hCG during ovarian stimulation; c) the 
occurrence of OHSS is strongly correlated with the ap- 
plication of hCG during ovarian stimulation, leading to 
an increased VEGF expression by granulosa cells from 
corpora lutea (29-31) d) In OHSS patients, the amount of 
VEGF in the follicular fluid is frequently higher than in 
persons not affected by this complication (32), thus also 
proving the ovarian origin of VEGF; e) the VEGF-R2 expres- 
sion increases at the same time that the vascular perme- 
ability peaks, demonstrating that the VEGF-VEGF receptor 
system is implicated in OHSS (27, 28). 

More studies are needed to understand the real role of 
the different types of VEGF receptors. In some studies, the 
gap between VEGF and receptors is necessary for develop- 
ing OHSS, and the VEGF-R2 inhibitor, like the dopamine 
agonist, can reverse hCG action on vascular permeabil- 
ity, and can also act to prevent and treat OHSS (3, 33, 34). 
However, other studies have associated the lower serum 
levels of soluble VEGF-R2 with OHSS occurrence, and the 
severity of the disease increases with a drop in soluble 
VEGF-R2. The amount of free, biologically active VEGF-A 
is modulated by binding to soluble VEGF-R2. Therefore, 
women with a large amount of soluble VEGF-R2 have a 
smaller quantity of free VEGF and are, therefore, at lower 
risk of developing severe OHSS. In contrast, women with 
a smaller amount of soluble VEGF-R2 exhibit higher free 
VEGF levels and are, therefore, at increased risk of devel- 
oping OHSS (35). 
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3. Prevention 

All ovarian stimulation protocols result in some degree 
of hyperstimulation, but in most cases, patients do not 
suffer adverse consequences. 

There are known factors whose presence increases the 
likelihood of a high response to gonadotropins; thus, the 
risk of developing OHSS increases: younger age, a history 
of a good response to gonadotropins, thin women, poly- 
cystic ovary syndrome, blood group and history of aller- 
gies (2,36, 37). For this reason, preventive strategies begin 
by identifying patients at high risk of developing OHSS to 
individualise the ovarian stimulation protocol (gonado- 
tropins dose, duration of FSH exposure, etc.). 

Although both clinical forms of OHSS (early and late) 
are mediated by hCG, their onset times differ consider- 
ably. Currently, most of the measures designed to reduce 
OHSS are useful to minimise the early form, while the 
management of the late clinical form proves more diffi- 
cult. 

3.1. Early Prevention Form 

3.1.1. GnRH Antagonist Protocols 

The use of drugs for pituitary down-regulation im- 
proves the success rates in the stimulation protocols used 
for IVF. These substances play an important role in low- 
ering the incidence of a premature LH surge, resulting 
in lower cycle cancellation rates and improving oocyte 
yields with more embryos, thus allowing better embryo 
selection. Endogenous gonadotropin suppression was 
accomplished by means of gonadotropin-releasing hor- 
mone (GnRH) analogues. Two types of GnRH analogues 
are available: GnRH agonists (that down-regulate GnRH 
pituitary receptors) (38) and GnRH antagonists (that act 
directly and rapidly inhibit gonadotropin release) (39). 

GnRH analogues act differently on the ovary. If we com- 
pare GnRH antagonists protocols with GnRH agonist pro- 
tocols, we find: a) a lower exogenous FSH dose is required 
for ovarian stimulation due to the natural endogenous 
FSH's action during the early follicular phase (40); b) less 
side effects related to hypoestrogenaemia (41); c) a short- 
er treatment cycle and reduced FSH consumption; d) 
lower OHSS incidence of compared to GnRH agonists (42) 
with a 50% reduction in the relative risk of severe OHSS 
(43). In addition to this, interventions such as coasting 
and cycle cancelation to avoid OHSS were significantly 
lower in the GnRH antagonist protocol (43, 44). 

In spite of these advantages relating to ovarian stimu- 
lation, the probability of clinical pregnancy with GnRH 
antagonists initially seemed lower than with GnRH ana- 
logues^). A very recent meta-analysis (45) was unable 
to provide any evidence for a difference in the live birth 
rates between using GnRH antagonists if compared to 
long GnRH agonists protocols. This indicates that similar 



results can be achieved with these two approaches in an 
adequate learning curve. 

3.1.2. Coasting 

Coasting has been employed in ovulation induction 
since the 1980s to prevent OHSS in IVF, and it was the first 
line of intervention of choice to reduce the risk and sever- 
ity of OHSS in at-risk patients (46). Coasting consists in 
the complete discontinuation of exogenous gonadotro- 
pin, while the administration of the GnRH analogue con- 
tinues until oestradiol levels reach a plateau or lower to a 
safer level. The use of coasting is based on the assumption 
that lower FSH levels cause atresia of the small follicles, 
while larger follicles maintain their growth at the same 
time. The first published reports revealed that fertilisa- 
tion and pregnancy rates were acceptable in comparison 
to other cycles without coasting. Yet although coasting 
lowered the incidence of OHSS in high-risk patients, it 
did not totally avoid the risk of OHSS (47). 

Despite coasting being used to avoid OHSS in patients 
at risk, there was no sufficient evidence in the literature 
to determine whether coasting was an effective strategy 
for preventing OHSS since most published studies were 
retrospective and included very few cases. 

Most studies conducted focused on the effect that coast- 
ing had on the GnRH agonist protocol (47). Nowadays, 
the widespread use of GnRH antagonists has led to the 
clinical practice of coasting, even with GnRH antagonists. 

One of the hypotheses put forward is that the events 
leading to the development of OHSS are almost always 
related to elevated oestradiol concentrations. Coast- 
ing attempted to reduce serum oestradiol to achieve 
safer levels, but the time in which this is achieved is im- 
portant. A significant decrease in the implantation rate 
was reported when coasting lasted 4 days or more. With 
GnRH antagonist coasting, the oestradiol concentration 
could be rapidly reduced to a safe level without adversely 
affecting oocyte maturation, fertilisation rates or embryo 
quality (48). 

In 2007, Aboulghar (49) published the results of a ran- 
domised clinical trial which compared coasting with 
GnRH antagonist administration. Patients were initially 
stimulated by following the GnRH agonist protocol, and 
women at risk of OHSS (> 20 follicles and oestradiol 
concentration > 3000 pg/mL) were randomised based 
on the following groups: Group A: the coasting proto- 
col, consisting in continuing with the GnRH agonist and 
stopping gonadotropins; Group B: the GnRH agonist was 
discontinued by the start of the GnRH antagonist and go- 
nadotropins doses were reduced. In the antagonist arm 
(Group B), the mean number of oocytes retrieved was 
significantly higher than in the coasting group (Group 
A) (16.5 + 7.6 versus 14.06 + 5.2, P = 0.02), along with the 
mean number of high quality embryos (2.87 + 1.2. versus 
2.21 ± 1.1, P = 0.0001). No significant difference was found 
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in the clinical pregnancy and multiple pregnancy rates 
between the groups. Surprisingly, no women developed 
severe OHSS in either group, but there is no data available 
on soft or moderate OHSS. In previous studies published 
by the same group, OHSS incidence was only 0.001 for the 
study population and 0.01 for women at risk (50). 

At a later date, a retrospective case control study published 
by Farhi (51) compared coasting in the GnRH agonist and 
the GnRH antagonist protocol in hyper-response patients. 
None of the GnRH antagonist cycles required more than 
2days of coasting, whereas 5.8% of the agonist GnRH cycles 
required 3days of coasting or more. Longer coasting was 
associated with a significant decrease in the number of 
oocytes retrieved in the antagonist group (2 days of coast- 
ing compared with 1 day of coasting), but the same cannot 
be stated for the GnRH agonist group. The authors did not 
find differences in the number of retrieved oocytes, fertilisa- 
tion rates, high quality embryos and pregnancy rates. The 
moderate-severe OHSS incidence after coasting was similar 
in both groups (4.6% in the GnRH agonist group and 4.4% in 
the GnRH antagonist group). 

In 2011, a Cochrane review reported no differences in 
the incidence of moderate or severe OHSS irrespectively 
of coasting being used or not. There was no difference 
in the clinical pregnancy rate and significantly fewer 
oocytes were retrieved with coasting. The problem lies 
in the fact that the review included only four studies, all 
of which were very different to each other (two studies 
compared coasting with unilateral follicular aspiration 
(52), one compared coasting with the replacement of 
the GnRH agonist with a GnRH antagonist (49), and the 
last one compared coasting versus no coasting (53). For 
this reason, the authors concluded that there was no evi- 
dence to suggest the benefit of using coasting to prevent 
OHSS if compared to not using it (or other interventions), 
and clinicians should use other strategies to lower the in- 
cidence of severe OHSS (54, 55). 

3.1.3. The GnRH Analogue: the Agonist and Antagonist 
in the Luteal Phase 

3.1.3.1. The GnRH Agonist in the Luteal Phase 

One of the strategies used to prevent OHSS has been to 
continue GnRH agonist administration immediately af- 
ter hCG administration. 

The first studies were published in 1992 by Wada et al. 
They evaluated OHSS incidence after continuing the 
GnRH agonist for two weeks after the administration 
of 10,000 IU of hCG following the elective cryopreser- 
vation of embryos. The GnRH agonist did not prevent 
OHSS, probably due to the high hCG administration dose 
(10,000 IU). Both groups reported severe OHSS (56). 

Later, another group worked on the hypothesis that 
GnRH agonist action may be a direct effect to reduce 



the VEGF expression in the ovary (57). Other studies by 
the same group found that the GnRH agonist directly 
suppressed the luteal VEGF mRNA expression during 
luteal formation, resulting in statistically significant re- 
ductions in VEGF, VEGF-R1, VEGF-R2, and also diminished 
vascular permeability in hyperstimulated rats (58). 

The authors also evaluated the efficacy of continuing 
with the GnRH agonist for 1 week after administering 
5,000 IU hCG on the risk of OHSS if compared with those 
patients undergoing an elective cryopreservation of all 
the embryos. No patient in the GnRH group developed 
severe OHSS (57). All the studies were no randomised, 
and in most studies, high gonadotropin doses were used 
as ovarian stimulation protocols, as evidenced by some 
stimulations parameters like gonadotropins doses or the 
oestradiol level on the day of HCG. 

3.1.3.2. The GnRH Antagonist in the Luteal Phase 

Comparably, more recent studies have shown that the 
GnRH antagonist lowers the VEGF concentrations in hu- 
man granulosa lutein cell cultures (59), as well as the ex- 
pression of VEGF and VEGF-Rin the ovaries of hyperstimu- 
latedrats (60). However, the GnRH analogues' mechanism 
of action in the ovary is not accurately known. 

The first report showing the re-initiation of the GnRH 
antagonist on day 3 after oocyte retrieval, combined with 
the cryopreservation of all the embryos, was published by 
Lainas in 2007(61). In this case, there were three patients 
at risk of OHSS and, for this reason, they were stimulated 
with the GnRH antagonist, but the poor ongoing preg- 
nancy rates published with the GnRH agonist triggering 
led to the selection of hCG for triggering purposes. All of 
them improved patients' symptoms, as well as the ultra- 
sound and laboratory findings after the re-initiation of 
the GnRH antagonist. The GnRH antagonist is reported 
to have a prominent luteolytic effect (59), which might 
prove to be an alternative way of reducing the excessive 
production of vasoactive cytokines from the corpora lu- 
tea responsible for OHSS development. 

The same group reported the combination of luteal GnRH 
antagonist administration and fresh blastocyst transfer in 
three patients with early-stage OHSS. On the day of embryo 
transfer (6 days after oocyte retrieval), the GnRH antagonist 
was re-initiated, and was administered together with oes- 
tradiol and progesterone for 4 days. Two patients accom- 
plished pregnancies which resulted in three live healthy 
newborns, while a biochemical pregnancy was reported for 
the other patient. In all the patients, severe OHSS regressed 
to a moderate form of the syndrome and no pregnancy-in- 
duced severe OHSS was observed (62). 

A pilot study conducted with oocyte donors and a GnRH 
antagonist protocol evaluated the possibility of prevent- 
ing OHSS by increasing the daily GnRH antagonist dose 
(twice per day) before ovulation triggering (hCG) in 
patients at risk of OHSS (63). This study postulated that 
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high absolute or rapidly rising serum oestradiol concen- 
trations were associated with OHSS, while lower serum 
oestradiol concentrations may reduce the likelihood 
of OHSS (64, 65). Therefore, strategies such as the GnRH 
antagonist which reduces oestradiol levels could pre- 
vent early OHSS in high-risk patients. In this study, all the 
donors were checked on day 3 after oocyte retrieval and 
none of the cases developed early-stage OHSS. 

The luteolytic effect of the GnRH antagonist has been 
proposed as the main theory to explain the mode of ac- 
tion of these drugs to prevent OHSS (59), although the 
normal luteal phase of the donors in this study does not 
support this idea. The authors' hypothesis is that fol- 
licles with higher follicular oestradiol concentrations 
are more resistant to the influence of GnRH antagonists 
(66), which is based on previous studies into the polycys- 
tic ovarian syndrome where the follicles recruited at dif- 
ferent growth phases displayed different sensitivities to 
GnRH antagonist administration. Hence when the GnRH 
antagonist dose increased, oestradiol production from 
the follicles was disturbed, thus establishing a dose-de- 
pendent relationship between the GnRH antagonist and 
high oestradiol-producing follicles. 

In a randomised study, our group recently compared 
utilising the GnRH agonist and the antagonist immedi- 
ately after HCG administration in oocyte donors who 
were at risk of OHSS (67). In our study, women were test- 
ed on days 3, 6 and 9 of post-oocyte retrieval. We found 
that the use of both GnRH analogues (especially antago- 
nists) led to a faster recovery from ascites and to reduced 
ovarian size. However, no significant differences were 
found in terms of the incidence or intensity of the clini- 
cal manifestation, probably due to the small sample size. 
More studies are needed to understand the real effect of 
the GnRH analogues in the luteal phase to prevent OHSS. 
Therefore, this intervention cannot be recommended for 
routine use until larger studies become available. 

3.1.4. GnRH Agonist Triggering 

HCG has been the gold standard for ovulation trigger- 
ing for decades thanks to its structural and biological 
similarities to LH; in fact both bind to and activate the 
same receptor (9). The main difference between them 
is that hCG has a longer half-life (more than 24 hours), 
which may induce increased OHSS incidence (46). 

The idea that the GnRH agonist trigger could elimi- 
nate OHSS in high-risk patients was introduced before 
the GnRH antagonist era. Some studies were published 
which proposed GnRH agonist triggering to be an effec- 
tive alternative to hCG for inducing follicular matura- 
tion, with the potential benefit of preventing OHSS in go- 
nadotropin-only cycles (67). Not surprisingly, the GnRH 
agonist trigger did not attract much interest until the 
GnRH antagonist era (68, 69). 

When GnRH antagonist protocols were introduced for the 



prevention of a premature LH surge, it was possible to trig- 
ger final oocyte maturation and ovulation with a bolus of 
GnRH as an alternative to hCG. The GnRH antagonist binds 
the GnRH receptor without causing a down-regulation, and 
once the GnRH analogue replaces the GnRH antagonist 
from the receptor, it is activated which, in turn, induces the 
release of gonadotropins (flare up) (68). 

Even though the GnRH antagonist protocol is associat- 
ed with a significant reduction in OHSS incidence, OHHS 
cannot be excluded when ovulation has been triggering 
with hCG. Preliminary reports have confirmed the GnRH 
agonist trigger's ability to prevent OHSS in the GnRH an- 
tagonist protocol in high-risk patients (70). 

Evidence from observational uncontrolled trials and 
randomised studies in the last decade in OHSS high-risk 
patient populations suggests that the GnRH agonist for 
ovulation triggering significantly reduces, or even elimi- 
nates, the incidence of OHSS (71-75). In fact, no other pre- 
vention strategy even comes close to this result (76). 

In the oocyte donation programme, variables such as 
the proportion of mature oocytes, fertilisation rates, 
implantation and pregnancy rates in the recipient af- 
ter GnRH agonist triggering versus hCG triggering have 
been analysed by means of randomised clinical trials (77- 
79); no differences were found in these variables. OHSS 
was not reported after the GnRH agonist, whereas the in- 
cidence after hCG triggering was between 4% and 17% (76). 
Apart from the elimination of OHSS, additional benefits 
include a shorter luteal phase (4-6 days), reduced ovarian 
volume and diminished abdominal distension (72, 80). 

Despite the good results for avoiding OHSS, the first re- 
ports from prospective randomised clinical trials which 
explored the reproductive outcome after GnRH analogue 
triggering revealed a poor clinical outcome when the 
GnRH agonist was used, in addition to a high early preg- 
nancy loss rate despite supplementing the luteal phase 
with progesterone and oestradiol. The GnRH agonist has 
a combined negative effect on the function of both the 
corpus luteum and the endometrium (81, 82).The nega- 
tive outcome was due to lutheal phase insufficiency in re- 
lation to low endogenous circulating LH levels (42). This 
was supported by good live birth rates in frozen-thawed 
embryo replacement cycles in which the embryos were 
derived from GnRH analogue-triggered cycles (71). 

However following these first disappointing reports, 
several randomised studies now report modified lu- 
teal phase rescue with interesting results. This has been 
proved with intramuscular progesterone combined 
with oestradiol patches (80, 83), or with 1,500 UI of hCH 
upon oocyte retrieval or with low-dose hCG after oocyte 
retrieval (42, 84) with encouraging results to overcome 
the luteal phase and pregnancy rates without increasing 
the risk of OHSS (76). Further research into protocols for 
luteal phase supplementation after a GnRH agonist may 
help find the most optimal protocol. 
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3.1.5. Other Strategies 

Many strategies have been considered to prevent OHSS, 
including dopamine agonists (27, 85, 86) intravenous al- 
bumin administration around the time of oocyte retriev- 
al (87, 88), glucocorticoids (89), ovarian surgery (88) and 
cycle cancellation. 

A number of clinical trials have recently tested the clini- 
cal usefulness of a dopamine agonist as a possible way to 
reduce OHSS incidence and severity (3, 33, 90). A recent 
meta-analysis on the use of the dopamine agonist indi- 
cated that cabergoline significantly reduces the chance 
of developing OHSS in IVF/ICSI cycles. Nevertheless, 
larger trials are necessary to show a statistical difference 
in the severe form of OHSS. There were no statistically 
significant differences found for the live birth, ongoing 
pregnancy, clinical pregnancy and miscarriage rates in 
groups with or without dopamine agonists (34, 85). 

Recently a case report paper has been published in 
which four patients diagnosed with OHSS after oocyte 
retrieval were treated daily with a dopamine agonist 
for 7 days and with a GnRH antagonist for 2 days. In this 
case control, all the embryos were frozen and later trans- 
ferred. In all cases, the clinical manifestations of the dis- 
ease rapidly diminished. More research needs to be done 
to understand the action of mechanism involved and to 
define the optimal dosing schedule (91). 

Cycle cancelation is the only guaranteed method for 
preventing early OHSS, but it has a negative impact on pa- 
tients and physicians. On the one hand, it implies an eco- 
nomic impact in both private clinics, where patients pay 
for their treatment, and public centres, where treatment 
is paid by the hospital. It also represents patients' psycho- 
logical distress and is related to treatment dropout. 

3. 2. late Prevention Forms 

Late OHSS occurs after the initial 10 day-period and cor- 
relates better with the endogenous hCG produced by an 
implanting embryo. This serious form of the condition 
can thus be avoided. Despite the numerous prevention 
methods available, the options to manage severe OHSS 
once the syndrome has been established are limited. 

3.2.1. Vitrification of Oocytes or Embryos 

Another option for patients at high OHSS risk is the 
cryopreservation of embryos or oocytes, and to transfer 
them in subsequent cycles, regardless of it involving a 
GnRH agonist cycle or a GnRH antagonist cycle, the GnRH 
agonist or hCG triggering. 

Oocyte cryopreservation could be a good option for 
patients at increased risk of OHSS. Excellent oocyte sur- 
vival rates after vitrification support the use of oocyte 
cryopreservation as a routine approach (92, 93). It has 
also been demonstrated that fertilisation, embryo devel- 
opment, pregnancy rate and ongoing pregnancy rate are 



comparable between vitrified oocytes and fresh oocytes 
(94, 95). Vitrification of oocytes in patients at risk of OHSS 
has been tested in different trials in which ovulation trig- 
gering was performed with a GnRH agonist. The results 
demonstrated that oocyte vitrification not only lowered 
the risk of OHSS in these high-risk patients, but also 
showed significantly higher pregnancy rates when com- 
pared with coasting in patients at risk (96). 

Regarding the data on oocyte vitrification outcomes, 
some groups argue that oocyte cryopreservation is un- 
necessary given the progress made in embryo cryo- 
preservation and the increases noted in pregnancy rates 
in relation to frozen embryos. After replacing the frozen- 
thawed embryos, live birth rates increased by utilising 
vitrification for embryo cryopreservation (97). However, 
oocyte vitrification could be an option for couples who 
do not desire embryo vitrification. 

In a prospective cohort trial (71) with patients at risk of 
OHSS and concomitant GnRH-antagonist administration, fi- 
nal oocyte maturation was triggered with a GnRH analogue. 
Both the pronucleate (2 PN) oocytes were cryopreserved by 
vitrification, and frozen-thawed embryos were transferred 
in an artificial cycle. This study is the proof of concept that 
the GnRH-agonist triggering of final oocyte maturation 
combined with elective cryopreservation of the 2 PN oo- 
cytes offers OHSS-risk patients a good chance of pregnancy, 
while reducing the risk of moderate and severe OHSS. 

Several randomised controlled trials have obtained 
similar pregnancy rates regardless of using elective cryo- 
preservation of all the embryos or fresh embryo transfers. 

The good ongoing pregnancy rates results obtained 
could be due to increased embryo survival, but could also 
be related to endometrial receptivity. One proposal put 
forward was that excessive steroid production as a side 
effect of ovarian stimulation might have a negative influ- 
ence on endometrial (98-100) receptivity. 

For frozen embryo replacement, the protocol used for 
endometrial preparation could take place in a natural cy- 
cle or with exogenous oestradiol and progesterone. More 
trials are required to choose the best protocol for frozen- 
thawed embryos. 

3.2.2. GnRH Analogues 

In the case reports published by Lainas (61), the use of 
a GnRH antagonist in the luteal phase achieved the re- 
gression of early established severe OHSS and the birth 
of healthy children. Lack of data on the safety of GnRH 
antagonist administration for a healthy pregnancy needs 
to be considered when proposed as an alternative for late 
OHSS management. A recent review suggests that GnRH 
antagonist administration is not associated with either 
adverse effects in pregnancy or an increased risk of con- 
genital malformation in humans (101); nevertheless, 
there are no data available on GnRH antagonist use in 
late OHSS due to pregnancy. 
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3.2.3. Dopamine Agonist 

Our group recently published a randomised trial which 
assessed three oral doses of a dopamine agonist (quina- 
golide) for the prevention of early OHSS in IVF patients (3). 
The incidence of a moderate/severe early OHSS rate was 
significantly lower when combining all the quinagolide 
groups if compared with a placebo (p: 0.019; OR: 0.28 80.09- 
0.81). Given the incidence of ultrasound evidence of ascites 
during the first 9 days after hCG administration, quina- 
golide was able to reduce the incidence of OHSS among the 
patients who did not achieve a clinical pregnancy from 31% 
with a placebo to 11% with all the quinagolide groups com- 
bined. Among the patients who accomplished a clinical 
pregnancy, no significant difference was found between 
quinagolide and placebo in relation to the presence of any 
ultrasound evidence of ascites. 



4. Conclusions 

Recently, there has been enough scientific evidence to 
establish that there are effective measures to prevent 
OHSS: final GnRH antagonist protocol-based oocyte mat- 
uration and GnRH agonist triggering are two strategies 
that may confer an even more greatly reduced risk if used 
combined (Table 1 and Table 2). For this reason, we must 
initially identify those patients at risk of OHSS (younger 
age, a history of or an elevated response to gonadotro- 
pins, PCOs, a very high antral follicle count) in order to 
personalise the stimulation protocol. 

Our OHSS prevention strategies consist in: a) a person- 
alised stimulation protocol in at-risk patients, including 
a GnRH antagonist cycle and GnRH agonist triggering; 
b) vitrification of embryos or oocytes; c) embryo replace- 
ment in natural or artificial endometrial preparation. 



Table 1. Early Prevention Form 



Late Prevention Form 


Evidence 


Authors 


GnRH antagonists protocols 


t 


Fluker et al. (2009) (41) 

Al Inany et al. (2006, 2011) (43) 

Kolibianakis et al. (2006) (44) 


Coasting with agonist and antagonist 
GnRH 




Delvigne et al. (2002) (47) 
Gustofson et al. (2006) (48) 
Aboulghar et al. (2007) (49) 
Fahri et al. (2009) (51) 
DAngelo et al. (2011) (55) 


GnRH analogue in luteal phase: agonist 
and antagonist GnRH 




Wada et al. ( 1992) (56) 
Endo et al. (2002) (57) 
Lainas et al. (2007,2009) (61, 62) 
Giles et al. (2009) (102) 
Aboulghar et al. (2003) (64) 


GnRH agonist triggering 


Hi 


Delvigne et al. (2001) (46) 
Itskovitz et al. (1988) (68) 
Itskovitz-Eldor et al. (2000) (70) 
Kol et al. (2 0 03) (73) 
Orivieto et al. (20 05) (75) 
Humaidan et al. (2011) (76) 
Melo etal.(2009)(79) 


Other strategies: Dopamine agonist, 
Dopamine agonist + GnRH Antagonist, 
albumine, Glucocorticoids 




Papaleo et al.(200l) (86) 
Gomez et al.(2002)(27) 
Bellver et al.(2003) (88) 



Table 2. Late Prevention Form 



Late Prevention Form 


Evidence 


Authors 


Vitrification embryos or oocytes 


Hi 


Cobo etal. (2008, 2010) (92, 94) 
Kuwayama et al. (2005) (93) 
Balaban et al. (2008) (97) 


GnRH analogues 


0 


Lainas etal. (2007) (61) 


Dopamine agonists 




Busso etal. (2010) (3) 



Int ] Endocrinol Metab. 2013;ll(2) 



113 



AlamaPetal. 



GnRH Analogues in OHSS 



Acknowledgements 

None declared. 

Authors' Contribution 

None declared. 

Financial Disclosure 

None declared. 

Funding/Support 

None declared. 

References 

1. Golan A, Ron-el R, Herman A, Soffer Y, Weinraub Z, Caspi E. Ovar- 
ian hyperstimulation syndrome: an update review. Obstet Gyne- 
col Surv. 1989;44(6):430-40 

2. Humaidan P, Quartarolo J, Papanicolaou EG. Preventing ovarian 
hyperstimulation syndrome: guidance for the clinician. Fertii 
Steril. 2010;94(2):389-400 

3. Busso C, Fernandez-Sanchez M, Garcia-Velasco JA, Landeras J, 
Ballesteros A, Munoz E, et al. The non-ergot derived dopamine 
agonist quinagolide in prevention of early ovarian hyperstimu- 
lation syndrome in IVF patients: a randomized, double-blind, 
placebo-controlled trial. Hum Reprod. 2010;25(4):995-1004 

4. Devroey P, Boostanfar R, Koper NP, Mannaerts BM, Ijzerman-Boon 
PC, Fauser BC. A double-blind, non-inferiority RCT comparing 
corifollitropin alfa and recombinant FSH during the first seven 
days of ovarian stimulation using a GnRH antagonist protocol. 
Hum Reprod. 2009;24(l2):3063-72 

5. Abramov Y, Elchalal U, Schenker JG. Obstetric outcome of 
in vitro fertilized pregnancies complicated by severe ovar- 
ian hyperstimulation syndrome: a multicenter study. Fertif Srer- 
i/.1998;7O(6):1070-6 

6. Mara M, Koryntova D, Rezabek K, Kapral A, Drbohlav P, Jirsova S, 
et al. [Thromboembolic complications in patients undergoing 
in vitro fertilization: retrospective clinical study]. Ceska Gyne- 
kol. 2004;69(4):312-6 

7. Serour GI, Aboulghar M, Mansour R, Sattar MA, Amin Y, 
Aboulghar H. Complications of medically assisted conception in 
3,500 cycles. Fertii Steril 1998;70(4):638-42 

8. Rova K, Passmark H, Lindqvist PG. Venous thromboembolism 
in relation to in vitro fertilization: an approach to determin- 
ing the incidence and increase in risk in successful cycles. Fertii 
Steril. 2012;97(1):95-100 

9. Damewood MD, Shen W, Zacur HA, Schlaff WD, Rock JA, Wallach 
EE. Disappearance of exogenously administered human chori- 
onic gonadotropin. Fertii Steril. 1989;52(3):398-400 

10. Devroey P, Polyzos NP, Blockeel C. An OHSS-Free Clinic by segmen- 
tation of IVF treatment. Hum Reprod. 20ll;26(l0):2593-7 

11. Lyons CA, Wheeler CA, Frishman GN, Hackett RJ, Seifer DB, Han- 
ing RV, Jr. Early and late presentation of the ovarian hyperstimu- 
lation syndrome: two distinct entities with different risk factors. 
Hum Reprod. 1994;9(5):792-9 

12. Mathur RS, Akande AV, Keay SD, Hunt LP, Jenkins JM. Distinction 
between early and late ovarian hyperstimulation syndrome. Fer- 
tilSteril. 2000;73(5):90l-7 

13. Papanicolaou EG, Pozzobon C, Kolibianakis EM, Camus M, Tour- 
naye H, Fatemi HM, et al. Incidence and prediction of ovarian hy- 
perstimulation syndrome in women undergoing gonadotropin- 
releasing hormone antagonist in vitro fertilization cycles. Fertii 
Steril. 2006;85(l):112-20 

14. Nagy JA, Benjamin L, Zeng H, Dvorak AM, Dvorak HE Vascular 
permeability, vascular hyperpermeability and angiogenesis. An- 
giogenesis. 2008;11(2):109-19 

15. Soares SR, Gomez R, Simon C, Garcia-Velasco JA, Pellicer A. 



Targeting the vascular endothelial growth factor system to 
prevent ovarian hyperstimulation syndrome. Hum Reprod Up- 
date. 2008;14(4):321-33 

16. Elchalal U, Schenker JG. The pathophysiology of ovar- 
ian hyperstimulation syndrome-views and ideas. Hum Re- 
prod. 1997;12(6):1129-37 

17. Stanek MB, Borman SM, Molskness TA, Larson JM, Stouffer RL, 
Patton PE. Insulin and insulin-like growth factor stimulation 
of vascular endothelial growth factor production by lutein- 
ized granulosa cells: comparison between polycystic ovar- 
ian syndrome (PCOS) and non-PCOS women. ] Clin Endocrinol 
Metab. 2007;92(7):2726-33 

18. Chen SU, Chou CH, Lin CW, Lee H, Wu JC, Lu HF, et al. Signal mech- 
anisms of vascular endothelial growth factor and interleukin-8 
in ovarian hyperstimulation syndrome: dopamine targets their 
common pathways. Hum Reprod. 2010;25(3):757-67 

19. Ferrara N. Vascular endothelial growth factor: basic science and 
clinical progress. Endocr Rev. 2004;25(4):581-611 

Maglione D, Guerriero V Viglietto G, Delli-Bovi P, Persico MG. 

20. 

Isolation of a human placenta cDNA coding for a protein re- 
lated to the vascular permeability factor. Proc Natl Acad Sci U S 
A. 1991;88(20):9267-71 

21. Maglione D, Guerriero V, Viglietto G, Ferraro MG, Aprelikova O, 
Alitalo K, et al. Two alternative mRNAs coding for the angiogenic 
factor, placenta growth factor (P1GF), are transcribed from a sin- 
gle gene of chromosome 14. Oncogene. 1993;8(4):925-3l 

22. Olofsson B, Pajusola K, Kaipainen A, von Euler G, Joukov V, Saksela 
O, et al. Vascular endothelial growth factor B, a novel growth fac- 
tor for endothelial cells. Proc Natl Acad Sci USA. 1996;93(6):2576-81 

23. Joukov V, Pajusola K, Kaipainen A, Chilov D, Lahtinen I, Kukk E, 
et al. A novel vascular endothelial growth factor, VEGF-C, is a li- 
gand for the Flt4 (VEGFR-3) and KDR(VEGFR-2) receptor tyrosine 
kinases. EMBO ]. 1996;15(2):290-98 

24. Orlandini M, Marconcini L, Ferruzzi R, Oliviero S. Identification 
of a c-fos-induced gene that is related to the platelet-derived 
growth factor/vascular endothelial growth factor family. Proc 
Natl Acad Sci USA. 1996;93(21):11675-80 

25. Busso CE, Garcia-Velasco J, Gomez R, Alvarez C, Simon C, Pelli- 
cer A. Symposium: Update on prediction and management of 
OHSS. Prevention of OHSS-dopamine agonists. Reprod Biomed 
Online. 2009;19(1):43-51 

26. Bates DO, Harper SJ. Regulation of vascular permeabil- 
ity by vascular endothelial growth factors. Vascul Pharma- 
col. 2002;39(4-5):225-37 

27. Gomez R, Simon C, Remohi J, Pellicer A. Vascular endothelial 
growth factor receptor-2 activation induces vascular permeabil- 
ity in hyperstimulated rats, and this effect is prevented by recep- 
tor blockade. Endocrinology. 2002;143(ll):4339-48 

28. Gomez R, Simon C, Remohi J, Pellicer A. Administration of mod- 
erate and high doses of gonadotropins to female rats increases 
ovarian vascular endothelial growth factor (VEGF) and VEGF re- 
ceptor-2 expression that is associated to vascular hyperperme- 
ability. Biol Reprod. 2003;68(6):2164-71 

29. Chen SU, Chen RJ, Shieh JY, Chou CH, Lin CW, Lu HF, et al. Human 
chorionic gonadotropin up-regulates expression of myeloid cell 
leukemia-1 protein in human granulosa-lutein cells: implication 
of corpus luteum rescue and ovarian hyperstimulation syn- 
drome.] Clin Endocrinol Metab. 2010;95(8):3982-92 

30. Neulen J, Raczek S, Pogorzelski M, Grunwald K, Yeo TK, Dvorak 
HF, et al. Secretion of vascular endothelial growth factor/vascu- 
lar permeability factor from human luteinized granulosa cells 
is human chorionic gonadotrophin dependent. Mol Hum Re- 
prod. 1998;4(3):203-6 

31. Walz A, Keck C, Weber H, Kissel C, Pietrowski D. Effects of lutein- 
izing hormone and human chorionic gonadotropin on cor- 
pus luteum cells in a spheroid cell culture system. Mol Reprod 
Dev. 2005;72(l):98-104 

32. Wang TH, Horng SG, Chang CL, Wu HM, Tsai YJ, Wang HS, et al. 
Human chorionic gonadotropin-induced ovarian hyperstimula- 
tion syndrome is associated with up-regulation of vascular en- 
dothelial growth factor.] Clin Endocrinol Metab. 2002;87(7):3300-8 



114 



Int J Endocrinol Metab. 20l3;ll(2) 



GnRH Analogues in OHSS 



Alama P et al. 



33. Alvarez C, Marti-Bonmati L, Novella-Maestre E, Sanz R, Gomez 
R, Fernandez-Sanchez M, et al. Dopamine agonist cabergoline 
reduces hemoconcentration and ascites in hyperstimulated 
women undergoing assisted reproduction. J Clin Endocrinol 
Uetab. 2007;92(8):2931-7 

34. Youssef MA, van Wely M, Hassan MA, Al-Inany HG, Mochtar M, 
Khattab S, et al. Can dopamine agonists reduce the incidence 
and severity of OHSS in IVF/ICSI treatment cycles? A systematic 
review and meta-analysis. Hum Reprod Update. 2010;16(5):459-66 

35. Pietrowski D, Szabo L, Sator M, Just A, Egarter C. Ovarian hyper- 
stimulation syndrome is correlated with a reduction of soluble 
VEGF receptor protein level and a higher amount of VEGF-A. Hum 
Reprod. 20l2;27(l):l96-9 

36. Bellver J, Ferrando M, Garrido N, Pellicer A. Blood group and ovar- 
ian hyperstimulation syndrome. Fertil Steri/.2010;93(l):270-l 

37. Ovarian hyperstimulation syndrome. Fertil Steril. 2008;9O(Suppl 
5):S188-93 

38. Fujino M, Yamazaki I, Kobayashi S, Fukuda T, Shinagawa S, White 
WF, et al. Some analogs of luteinizing hormone releasing hor- 
mone (LH-RH) having intense ovulation-inducing activity. Bio- 
chem BiophysRes Commun. 1974;57(4):1248-56 

39. Karten MJ, Rivier JE. Gonadotropin-releasing hormone analog 
design. Structure-function studies toward the development 
of agonists and antagonists: rationale and perspective. Endocr 
Rev. 1986;7(l):44-66 

40. Borm G, Mannaerts B. Treatment with the gonadotrophin-releas- 
ing hormone antagonist ganirelix in women undergoing ovar- 
ian stimulation with recombinant follicle stimulating hormone 
is effective, safe and convenient: results of a controlled, random- 
ized, multicentre trial. The European Orgalutran Study Group. 
Hum Reprod. 2000;15(7):1490-8 

41. Fluker M, Grifo J, Leader A, Levy M, Meldrum D, Muasher SJ, et al. 
Efficacy and safety of ganirelix acetate versus leuprolide acetate 
in women undergoing controlled ovarian hyperstimulation. Fer- 
til Steril. 2001;75(l):38-45 

42. Humaidan P, Ejdrup Bredkjaer H, Westergaard LG, Yding Ander- 
sen C. 1,500 1U human chorionic gonadotropin administered 
at oocyte retrieval rescues the luteal phase when gonadotro- 
pin-releasing hormone agonist is used for ovulation induc- 
tion: a prospective, randomized, controlled study. Fertil Ster- 
il. 2010;93(3):847-54 

43. Al-lnany HG, Abou-Setta AM, Aboulghar M. Gonadotrophin-re- 
leasing hormone antagonists for assisted conception. Cochrane 
Database Syst Rev. 2006;(3):CD001750 

44. Kolibianakis EM, Collins J, Tarlatzis BC, Devroey P, Diedrich K, 
Griesinger G. Among patients treated for IVF with gonadotro- 
pins and GnRH analogues, is the probability of live birth de- 
pendent on the type of analogue used? A systematic review and 
meta-analysis. Hum Reprod Update. 2006;12(6):651-71 

45. Al-Inany HG, Youssef MA, Aboulghar M, Broekmans F, Sterren- 
burg M, Smit J, et al. Gonadotrophin-releasing hormone antago- 
nists for assisted reproductive technology. Cochrane Database 
Syst Rev. 20ll;(5):CD001750 

46. Delvigne A, Rozenberg S. Preventive attitude of physicians to 
avoid OHSS in IVF patients. Hum Reprod. 2001;16(12):2491-5 

47. Delvigne A, Rozenberg S. A qualitative systematic review of coast- 
ing, a procedure to avoid ovarian hyperstimulation syndrome in 
IVF patients. Hum Reprod Update. 2002;8(3):29l-6 

48. Gustofson RL, Larsen FW, Bush MR, Segars JH. Treatment with 
gonadotropin-releasing hormone (GnRH) antagonists in wom- 
en suppressed with GnRH agonist may avoid cycle cancellation 
in patients at risk for ovarian hyperstimulation syndrome. Fertil 
Steril. 2006;85(l):25l-4 

49. Aboulghar MA, Mansour RT, Amin YM, Al-Inany HG, Aboulghar 
MM, Serour GI. A prospective randomized study comparing 
coasting with GnRH antagonist administration in patients at 
risk for severe OHSS. Reprod Biomed Online. 2007;15(3):271-9 

50. Mansour Ragaa, Aboulghar Mohamed, Serour Gamal, Amin Ye- 
hia, Abou-Setta Ahmed M. Criteria of a successful coasting pro- 
tocol for the prevention of severe ovarian hyperstimulation syn- 
drome. Hum Reprod. 2005;20(ll):3167-3l72 



51. Farhi J, Ben-Haroush A, Lande Y, Sapir O, Pinkas H, Fisch B. In vi- 
tro fertilization cycle outcome after coasting in gonadotropin- 
releasing hormone (GnRH) agonist versus GnRH antagonist pro- 
tocols. Fertil Steril. 2009;91(2):377-82 

52. Egbase PE, Sharhan MA, Grudzinskas JG. Early unilateral fol- 
licular aspiration compared with coasting for the prevention of 
severe ovarian hyperstimulation syndrome: a prospective ran- 
domized study. Hum Reprod. 1999;14(6):1421-5 

53. Kamthane V, Goswami S, Ghosh S, Chattopadhay R, Chakravarty 
B. Does coasting prevent OHSS without compromising pregnan- 
cy outcome? Reprod Biomed 0n/ine.2004;19(suppl 6):il21 

54. Aboulghar M. Agonist and antagonist coast. Fertil Ster- 
il. 2012;97(3):523-6 

55. DAngelo A, Amso N. "Coasting" (withholding gonadotrophins) 
for preventing ovarian hyperstimulation syndrome. Cochrane 
Database Syst Rev. 2002;(3):CD00281l 

56. Wada I, Matson PL, Home G, Buck P, Lieberman BA. Is continu- 
ation of a gonadotrophin-releasing hormone agonist (GnRHa) 
necessary for women at risk of developing the ovarian hyper- 
stimulation syndrome? Hum Reprod. l992;7(8):1090-3 

57. Endo T, Honnma H, Hayashi T, Chida M, Yamazaki K, Kitajima Y, et 
al. Continuation of GnRH agonist administration for 1 week, af- 
ter hCG injection, prevents ovarian hyperstimulation syndrome 
following elective cryopreservation of all pronucleate embryos. 
Hum Reprod. 2002;17(10):2548-51 

58. Kitajima Y, Endo T, Manase K, Nishikawa A, Shibuya M, Kudo R. 
Gonadotropin-releasing hormone agonist administration re- 
duced vascular endothelial growth factor (VEGF), VEGF recep- 
tors, and vascular permeability of the ovaries of hyperstimu- 
lated rats. Fertil Steril. 2004;81 SuppI 1:842-9 

59. Friden BE, Nilsson L. Gonadotrophin-releasing hormone-antag- 
onist luteolysis during the preceding mid-luteal phase is a fea- 
sible protocol in ovarian hyperstimulation before in vitro fertil- 
ization. Acta Obstet Gynecol Scand. 2005;84(8):812-6 

60. Taylor PD, Hillier SG, Fraser HM. Effects of GnRH antagonist treat- 
ment on follicular development and angiogenesis in the pri- 
mate ovary. J Endocrinol. 2004;183(1):1-17 

61. Lainas TG, Sfontouris IA, Zorzovilis IZ, Petsas GK, Lainas GT, Ko- 
libianakis EM. Management of severe early ovarian hyperstimu- 
lation syndrome by re-initiation of GnRH antagonist. Reprod 
Biomed Online. 2007;15(4):408-12 

62. Lainas TG, Sfontouris IA, Zorzovilis IZ, Petsas GK, Lainas GT, Iliadis 
GS, et al. Management of severe OHSS using GnRH antagonist 
and blastocyst cryopreservation in PCOS patients treated with 
long protocol. Reprod Biomed Online. 2009;18(l):15-20 

63. Prapas Y, Panagiotidis I, Kalogiannidis I, Gjata E, Papatheodorou 
A, Prapa S, et al. Double GnRH-antagonist dose before HCG ad- 
ministration may prevent OHSS in oocyte-donor cycles: a pilot 
study. Reprod Biomed Online. 2010;21(2):159-65 

64. Aboulghar M. Prediction of ovarian hyperstimulation syndrome 
(OHSS). Estradiol level has an important role in the prediction of 
OHSS. Hum Reprod. 2003;18(6):1140-1 

65. Aboulghar M, Evers JH, Al-Inany H. Intra-venous albumin for pre- 
venting severe ovarian hyperstimulation syndrome. Cochrane 
Database Syst Rev. 2000;(2):CD001302 

66. Vrtacnik-Bokal E, Virant Klun I, Verdenik I. Follicular oestradiol 
and VEGF after GnRH antagonists or GnRH agonists in women 
with PCOS. Reprod Biomed Online. 2009;18(l):2l-8 

67. Segal S, Casper RE. Gonadotropin-releasing hormone agonist 
versus human chorionic gonadotropin for triggering follicular 
maturation in in vitro fertilization. Fertil Sreri/.1992;57(6):1254-8 

68. Itskovitz-Eldor J, Kol S, Mannaerts B, Coelingh Bennink H. First 
established pregnancy after controlled ovarian hyperstimula- 
tion with recombinant follicle stimulating hormone and the 
gonadotrophin-releasing hormone antagonist ganirelix (Org 
37462). Hum Reprod. 1998;13(2):294-5 

69. Lewit N, Kol S, Manor D, Itskovitz-Eldor J. Comparison of gonad- 
otrophin-releasing hormone analogues and human chorionic 
gonadotrophin for the induction of ovulation and prevention of 
ovarian hyperstimulation syndrome: a case-control study. Hum 
Reprod. 1996;ll(7):1399-402 



Int J Endocrinol Metab. 2013;ll(2) 



115 



AlamaPetal. 



GnRH Analogues in OHSS 



70. Itskovitz-EIdor J, Kol S, Mannaerts B. Use of a single bolus of GnRH 
agonist triptorelin to trigger ovulation after GnRH antagonist 
ganirelix treatment in women undergoing ovarian stimulation 
for assisted reproduction, with special reference to the preven- 
tion of ovarian hyperstimulation syndrome: preliminary report: 
short communication. Hum Reprod. 2000;15(9):1965-8 

71. Griesinger G, von Otte S, Schroer A, Ludwig AK, Diedrich K, Al- 
Hasani S, et al. Elective cryopreservation of all pronuclear oo- 
cytes after GnRH agonist triggering of final oocyte maturation in 
patients at risk of developing OHSS: a prospective, observational 
proof-of-concept study. Hum Reprod. 2007;22(5):l348-52 

72. Hernandez ER, Gomez-Palomares JL, Ricciarelli E. No room for 
cancellation, coasting, or ovarian hyperstimulation syndrome 
in oocyte donation cycles. Fertil Steri/.2009;91(4 Suppl):l358-61 

73. Kol S. Prediction of ovarian hyperstimulation syndrome: why 
predict if we can prevent! Hum Reprod. 2003;18(7):1557-8 

74. Kol S, Lewit N, Itskovitz-EIdor J. Ovarian hyperstimulation: ef- 
fects of GnRH analogues. Ovarian hyperstimulation syndrome 
after using gonadotrophin-releasing hormone analogue 
as a trigger of ovulation: causes and implications. Hum Re- 
prod. 1996;ll(6):1143-4 

75. Orvieto Raoul. Can we eliminate severe ovarian hyperstimula- 
tion syndrome? Human Reproduction. 2005;20(2):320-322 

76. Humaidan P, Kol S, Papanikolaou EG. GnRH agonist for trigger- 
ing of final oocyte maturation: time for a change of practice? 
Hum Reprod Update. 20ll;17(4):510-24 

77. Acevedo B, Gomez-Palomares JL, Ricciarelli E, Hernandez ER. 
Triggering ovulation with gonadotropin-releasing hormone 
agonists does not compromise embryo implantation rates. Fertil 
Steril. 2006;86(6):1682-7 

78. Galindo A, Bodri D, Guillen JJ, Colodron M, Vernaeve V, Coll O. 
Triggering with HCG or GnRH agonist in GnRH antagonist treat- 
ed oocyte donation cycles: a randomised clinical trial. Gynecol 
Endocrinol. 2009;25(l):60-6 

79. Melo M, Busso CE, Bellver J, Alama P, Garrido N, Meseguer M, et 
al. GnRH agonist versus recombinant HCG in an oocyte donation 
programme: a randomized, prospective, controlled, assessor- 
blind study. Reprod Biomed Online. 2009;19(4):486-92 

80. Engmann L, DiLuigi A, Schmidt D, Nulsen J, Maier D, Benadiva C. 
The use of gonadotropin-releasing hormone (GnRH) agonist to 
induce oocyte maturation after cotreatment with GnRH antago- 
nist in high-risk patients undergoing in vitro fertilization pre- 
vents the risk of ovarian hyperstimulation syndrome: a prospec- 
tive randomized controlled study. Fertil Steril. 2008;89(l):84-9l 

81. Humaidan P, Bredkjaer HE, Bungum L, Bungum M, Grondahl ML, 
Westergaard L, et al. GnRH agonist (buserelin) or hCG for ovula- 
tion induction in GnRH antagonist IVF/ICSI cycles: a prospective 
randomized study. Hum Reprod. 2005;20(5):l2l3-20 

82. Kolibianakis EM, Schultze-Mosgau A, Schroer A, van Steirteghem 
A, Devroey P, Diedrich K, et al. A lower ongoing pregnancy rate can 
be expected when GnRH agonist is used for triggering final oo- 
cyte maturation instead of HCG in patients undergoing IVF with 
GnRH antagonists. Human Reproduction. 2005;20(10):2887-2892 

83. DiLuigi AJ, Engmann L, Schmidt DW, Maier DB, Nulsen JC, Bena- 
diva CA. Gonadotropin-releasing hormone agonist to induce 
final oocyte maturation prevents the development of ovarian 
hyperstimulation syndrome in high-risk patients and leads to 
improved clinical outcomes compared with coasting. Fertil Ster- 
il. 2010;94(3):llll-4 

84. Humaidan P, Bungum L, Bungum M, Andersen C Yding. Rescue of 
corpus luteum function with peri-ovulatory HCG supplementa- 
tion in IVF/ICSI GnRH antagonist cycles in which ovulation was 
triggered with a GnRH agonist: a pilot study. Reprod Biomed On- 
line. 2006;13(2):173-178 

85. Alvarez C, Alonso-Muriel I, Garcia G, Crespo J, Bellver J, Simon C, 



et al. Implantation is apparently unaffected by the dopamine 
agonist Cabergoline when administered to prevent ovarian hy- 
perstimulation syndrome in women undergoing assisted repro- 
duction treatment: a pilot study. Hum Reprod. 2007;22(12):3210-4 

86. Papaleo E, Doldi N, De Santis L, Marelli G, Marsiglio E, Rofena S, 
et al. Cabergoline influences ovarian stimulation in hyperpro- 
lactinaemic patients with polycystic ovary syndrome. Hum Re- 
prod. 2001;16(ll):2263-6 

87. Aboulghar M, Evers JH, Al-Inany H. Intravenous albumin for pre- 
venting severe ovarian hyperstimulation syndrome: a Cochrane 
review. Human Reproduction. 2002;17(12):3027-3032 

88. Bellver J, Munoz EA, Ballesteros A, Soares SR, Bosch E, Simon C, et 
al. Intravenous albumin does not prevent moderate-severe ovar- 
ian hyperstimulation syndrome in high-risk IVF patients: a ran- 
domized controlled study. Hum Reprod. 2003;18(ll):2283-8 

89. Nauck M, Karakiulakis G, Perruchoud AP, Papakonstantinou E, 
Roth M. Corticosteroids inhibit the expression of the vascular 
endothelial growth factor gene in human vascular smooth mus- 
cle cells. Eur] Pharmacol. 1998;341(2-3):309-15 

90. Manno M, Tomei F, Marchesan E, Adamo V. Cabergoline: a safe, 
easy, cheap, and effective drug for prevention/treatment of ovar- 
ian hyperstimulation syndrome? Eur ] Obstet Gynecol Reprod 
Biol. 2005;122(l):127-8 

91. Rollene NL, Amols MH, Hudson SB, Coddington CC. Treatment of 
ovarian hyperstimulation syndrome using a dopamine agonist 
and gonadotropin releasing hormone antagonist: a case series. 
Fertil Steril. 2009;92(3):1169 el5-7 

92. Cobo A, Kuwayama M, Perez S, Ruiz A, Pellicer A, Remohi J. Com- 
parison of concomitant outcome achieved with fresh and cryo- 
preserved donor oocytes vitrified by the Cryotop method. Fertil 
Steril. 2008;89(6):1657-64 

93. Kuwayama M. Highly efficient vitrification for cryopreservation 
of human oocytes and embryos: the Cryotop method. Therio- 
genology. 2007;67(l):73-80 

94. Cobo A, Meseguer M, Remohi J, Pellicer A. Use of cryo-banked oo- 
cytes in an ovum donation programme: a prospective, random- 
ized, controlled, clinical trial. Hum Reprod. 2010;25(9):2239-46 

95. Rienzi L, Romano S, Albricci L, Maggiulli R, Capalbo A, Baroni E, 
et al. Embryo development of fresh 'versus' vitrified metaphase 
II oocytes after ICSI: a prospective randomized sibling-oocyte 
study. Hum Reprod. 2010;25(l):66-73 

96. Herrero L, Pareja S, Losada C, Cobo AC, Pellicer A, Garcia-Velasco 
JA. Avoiding the use of human chorionic gonadotropin com- 
bined with oocyte vitrification and GnRH agonist triggering ver- 
sus coasting: a new strategy to avoid ovarian hyperstimulation 
syndrome. Fertil Steril. 201l;95(3):ll37-40 

97. Balaban B, Urman B, Ata B, Isiklar A, Larman MG, Hamilton R, et 
al. A randomized controlled study of human Day 3 embryo cryo- 
preservation by slow freezing or vitrification: vitrification is as- 
sociated with higher survival, metabolism and blastocyst forma- 
tion. Hum Reprod. 2008;23(9):1976-82 

98. Devroey P, Bourgain C, Macklon NS, Fauser BC. Reproductive bi- 
ology and IVF: ovarian stimulation and endometrial receptivity. 
Trends Endocrinol Metab.2004;l5{2):S4-90 

99. Papanikolaou EG, Bourgain C, Kolibianakis E, Tournaye H, Dev- 
roey P. Steroid receptor expression in late follicular phase en- 
dometrium in GnRH antagonist IVF cycles is already altered, 
indicating initiation of early luteal phase transformation in the 
absence of secretory changes. Hum Reprod. 2005;20(6):l541-7 

100. Simon C, Cano F, Valbuena D, Remohi J, Pellicer A. Clinical evi- 
dence for a detrimental effect on uterine receptivity of high 
serum oestradiol concentrations in high and normal responder 
patients. Hum Reprod. 1995;10(9):2432-7 

101. Elizur SE, Tulandi T. Drugs in infertility and fetal safety. Fertil 
Steril. 2008;89(6):1595-602 



216 



Int J Endocrinol Metab. 20l3;ll(2) 



